DAC Newsletter - Verification (Can you hear me now?)
by Clive (Max) Maxfield
The last house I owned when I lived in the UK was built in 1789, which was the year of the French revolution. This was just before I moved to Huntsville, Alabama, USA in 1990 for the nightlife (that's a little Alabama joke). The reason I mention this little nugget of trivia is that the editorial deadline for this newsletter is July 14th, which is the French national holiday, known in France as "Fete National" (National Holiday) or simply "14 Juillet" (July 14th). 
Of course, this holiday is known as "Bastille Day" in English. In fact, even in France, it is commonly associated with the storming of the Bastille, which took place on 14th July 1789. As it happens, however, the Fete National actually commemorates a huge feast called the "Fete de la Federation," which was held a year later on the 14th July 1790 to celebrate what the folks at the time considered to be the end of the French revolution. 
And why do I bother bringing all of this up here? Well, like many folks, I've long assumed that, on the basis we call the 14 th July "Bastille Day," this holiday was intended to celebrate the storming of the Bastille, but before putting pen to paper (or fingers to keyboard), I thought I'd better check things and VERIFY my facts. 
"Good grief," I hear you cry; "That was one smooth segue into the topic of verification!" And you'd be right, because it was! So, just what is verification? Well, one of the more appropriate dictionary definitions would be: "An additional proof that something that was believed (some fact or hypothesis or theory) is correct." In the context of electronic designs, some amongst us might further generalize this to refer to some way of demonstrating that our design will perform its desired function without errors. 
But wait, because the purists will say that there's more to the life of an electronic component or system than "function," there's also performance, power consumption, shape, size, weight, color, smell (well, maybe not smell, but you get my drift). The bottom line is that any design that doesn't conform to all of the requirements in the original specification is probably not going to be successful in its target market. In turn, this means that all aspects of the design have to be verified by one means or another.
You may have started to think that I'm being a little vague here. You would be right. The problem is that the word "verification" means different things to different people. In the case of a RTL logic designer, for example, verification might refer to simulation. By comparison, someone in charge of the physical portion of the design (floorplan-place-route) may have a completely different point of view. And when we move into the manufacturing domain, they have their own take on things. 
In reality, there are a humongous number of companies involved in verification in one form or another; far too many to mention all of them here. So what I'm going to do is to introduce a series of "buckets" (verification categories) and perhaps be tempted to mention a few example companies that fall into each group. 
The Emerging Top End 
Let's commence with what we might call the emerging top end. In this case, I'm thinking of companies like VaST, Virtutech, and Virtio who develop high-level system models called Virtual Prototypes (VPs), Virtual System Prototypes (VSPs), or Virtual Platforms (VPs again). These are functionally accurate (sometimes timing-accurate) software model of the entire system that can simulate the behavior of the system at anywhere between 50 to 200 MIPS. 
There are several reasons we might think of these tools in the context of verification. For example, it's possible for system architects to run real software loads on these platforms to verify that the system will meet its bandwidth, performance, and power consumption goals. Also, software developers can use them to verify that their firmware and embedded applications will run without errors in advance of having any actual hardware to play with. 
Actually, there are a wide variety of companies/tools that fall into this "emerging top end" category. For example, there's the rather cunning sequential analysis technology from Calypto that allows you to verify that two representations of your design with different temporal behavior (say a different number of pipeline stages) are functionally equivalent (that is, to ensure you will eventually get the same answers out of both implementations). 
Then there are companies like Chipvision or PowerEscape, whose very high level of abstraction power estimation technology allows you to verify that your design will meet its power consumption specifications. And there are also companies one might not traditionally think of in this arena, such as Poseidon. Most amongst us would cast Poseidon in the role of synthesizing C code into hardware accelerators, but in fact this also involves a lot of verification to ensure that the ensuing hardware/software mix will meet its power/performance/whatever goals. 
The Solid Center 
This category refers to tools and techniques such as simulation, emulation, formal verification, assertion-based verification (ABV), and such like in the context of languages like VHDL, Verilog, SystemVerilog, and SystemC. 
This is where the "big boys" like Cadence, Mentor, and Synopsys tend to play the hardest, and all of these companies have incredibly sophisticated offerings. The Incisive Enterprise Verification Platform from Cadence makes my head spin, for example, while Mentor and Synopsys also have their own mega-powerful tools and methodologies. 
But there are a lot of other interesting companies in this "as, for example, have made themselves a very nice niche with regards to analyzing and verifying results for predominantly digital designs. Meanwhile, Sandworks are busily forming their own corresponding niche in the analog and mixed-signal domain. 
And the list goes on, with companies like EEsof in the analog/RF domain, OneSpin with their rather cool formal verification solutions, and Knowlent with their high-speed serial interface verification IP (VIP). Then there are the folks at Tenison with their RTL-to-C technology and Carbon with their ability to convert RTL representations into extremely high-performance simulation models. 
It would also be remiss of us to neglect companies like Gradient with their full-chip-level thermal analysis and verification solutions; also Flomerics with their package-level equivalent (Gradient and Flometrics recently announced that they are collaborating on an all-singing-all-dancing full-chip-package solution). 
Last but not least, we mustn't forget Jasper who ... well, actually, I don't know what they do, but my friend Brian Bailey who is an expert on verification mentioned that they had some cool technology, and that's certainly good enough for me (I'll wander round to their booth at DAC and ask them some probing questions). 
The Forgotten Realm 
This bucket refers to all of the gate-level and back-end verification such as linting tools for the RTL code and equivalence-checking and such like. The problem here is that, although we can all agree that these tools are incredibly useful and totally necessary, it's real easy to forget about them ... in fact, off the top of my head, I can't think of a single company that plays in this arena (which sort of proves my point). 
Into the Bowels (of Manufacturing) 
Truth to tell, I hadn't really thought about this until recently ... as a design engineer (by trade), manufacturing has always been a "far off country" to me; and than I ran into a company called Brion. Here's the deal; when we develop a silicon chip, the output from the logical and physical design portion of the flow is the suite of GDSII files that the manufacturing team at the foundry will use to create the photomasks that will - in turn - be used to generate the chips. 
The problem is that the structures we are creating on the surface of today's chips are smaller than the wavelength of light we're using to create them. This means that if the photomasks are created using the GDSII as-is, the result will be something that won't "print" correctly. 
In order to address this, the GDSII files are post-processed with a variety of resolution enhancement techniques (RET); for example, optical proximity correction (OPC), which modifies existing features or adding new features - known as sub-resolution assist features (SRAF) - so as to obtain better printability. 
But as the great Roman satirist Juvenal said (sometime around the latter part of the 1st century or the early part of the 2nd second century; possible on a Thursday morning around 9:00 am, but probably not) -"Quis custodiet custodes? " which translates as"Who will guard the guardians themselves?" The fact that this quote arose in a discussion concerning the usefulness of eunuchs guarding one's womenfolk isn't important here (I bet you thought it was someone talking about the Emperor's guard, didn't you?). My point (yes, there is one) is that once you've run your OPC application, how do you know that it performed its job correctly? 
And so - finally - we come to Brion, who have a rather cunning OPC verification solution (trust me, they would be absolutely delighted if you were to wander up to their booth at DAC and ask them about it - just mention my name - it won't do you any good, but it will make me feel happy, so that's OK). Actually, Brion's technology is really rather clever, but ... sad to say, we're wandering off track into the weeds (I know, it's hard to believe I would do that, but there we are). 
The point is that verification (which, you may recall, is the topic of this newsletter - stick with me - you have to stay focused here) pops up in a tremendous variety of different guises throughout the design and manufacturing flow. As designs become larger, more complex, and more demanding, existing verification solutions are evolving to meet the challenge and new solutions are appearing like rabbits out of magicians' hats. 
As always, I can't wait to see what new verification tools, technologies, and methodologies will be on display for our delectation and delight at this year's DAC. I look forward to seeing you there. Feel free to come up and say "Hi" (especially if you have a beer you wish to share). Until next time, have a good one! 
Further Reading 
If you want to know more about verification in general, then there's always "Comprehensive Functional Verification: The Complete Industry Cycle" by Bruce Wile, ISBN-10: 0-12-751803-7 (or ISBN-13: 978-0-12-751803-9). This is a 700 page behemoth, but it's certainly one of the more comprehensive books on the topic. 
And, of course, there's "The Functional Verification of Electronic Systems" by Brian Bailey, ISBN: 1931695318. This little rascal provides a comprehensive overview of functional verification, including coverage, simulation, testbench automation, transaction-level modeling, and assertion-based verification. 
Then there's the recently published "EDA for IC System Design, Verification, and Testing" edited by Grant Martin and friends, ISBN 0849379237. Part of a two-volume set, this little scamp ranges far and wide across the verification landscape. 
And last but not least, there are a bevy of new books on other topics rolling off the printing presses with this year's DAC in mind. These include: 
"Networks on Chips: Technology and Tools" by Giovanni De Micheli and Luca Benini, ISBN 0-12-370521-5, which is claimed to be "A must on the bookshelf of anybody having an interest in SoC design."
"Customizable Embedded Processors: Design Technologies and Applications" by Paolo Ienne and Rainer Leupers, ISBN 0-12-369526-0, which is modestly predicted to "serve as the standard reference on this topic." 
"Designing SOCs with Configured Cores: Unleashing the Tensilica Xtensa and Diamond Cores" by Steve Leibson, 0-12-372498-8, which has a quote by yours truly on the back cover, so you know its going to be a humdinger. 
"VLSI Test Principles and Architectures: Design for Testability" edited by Laung-Terng Wang, Cheng-Wen Wu, and Xiaoqing Wen, ISBN 0-12-370597, which is said to be "a 'must read' for anyone focused on learning modern test issues, test research, and test practices. 
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